the disease. The condition was characterized by high fever, abortion, and a high proportion of deaths in pigs of all ages. A total of 3,546 pigs died of the disease. The average mortality rate was 25.37% (Table 1) . A summary of the PRRS outbreak is shown in Table 1 , and a distribution of PRRS outbreaks is shown in Figure 1 .
The first case was reported in Banphao village, Hadsayphong District, Vientiane, Lao PDR, in June 2010. A field investigation was carried out on 8 farms, including backyard farms and large-scale operations ( Table 2 ). The average mortality rate varied by type of pig: 27.97% (0-53.33%) in sows, 48.48% (9.33-64.46%) in finishing pigs, 91.28% (57.50-100.00%) in piglets, and 6.02% (0-50.00%) in boars. The average mortality rate was 54.15% across all farms investigated ( Table 2 ). The disease was characterized by the following symptoms: high and continuous fever (40-42°C), petechiae, coughing, nervous symptoms, hind limb paralysis, waggling, and reproductive failures including abortion and stillbirth at all semesters of gestation. Other common symptoms included inappetence, conjunctivitis, diarrhea, constipation, and dyspnea. Gross necropsy findings were comprised mainly of interstitial pneumonia with hemorrhage and consolidation (especially common in lobus apicalis and septal leaflet) and enlargement and hemorrhage in submaxillary lymph nodes and pulmonary hilar lymph nodes. Tissue (lungs, lymph nodes, and fetal lungs) and sera samples from sick and dead pigs were collected and sent to the China Animal Disease Control Center and National Animal Health Center. The clinical diagnosis was confirmed by detection of HP-PRRSV RNA using real-time reverse transcription polymerase chain reaction (RT-PCR) and virus isolation and identification.
Forty-three samples (25 serum and 18 tissue) from 8 farms were tested for suspicious agents including PRRSV, Porcine circovirus-2 (PCV2), Foot-and-mouth disease virus (FMDV), Classical swine fever virus (CSFV), Swine influenza virus (SIV), and Streptococcus suis serotype 2 using RT-PCR and PCR. Of these, 7 serum and 15 tissue samples were found to be PRRSV-positive using PRRSV RT-PCR. Out of these 22 PRRSV-positive samples, 21, covering all the farms investigated tested HP-PRRSV-positive using a commercial real-time RT-PCR kit.
a,4 All samples from these farms were found to be negative for FMDV, CSFV, SIV, and S. suis. However, samples 3.7 and 7.1, collected from farms 3 and 7, respectively, were found to be PCV-2-positive. Twenty-three sera samples tested positive for anti-PRRSV antibody by enzyme-linked immunosorbent assay.
b Results indicated that the farms investigated were exposed to PRRSV (Table 2) .
Seven lung tissue samples (samples 1.13, 2.6, 3.7, 5.1, 6.6, 7.1, and 8.1) from 7 pig farms were used for isolation of the virus. Porcine alveolar macrophages (PAMs) were inoculated with the lung homogenates at a dose of 500 μl/cm 2 and then incubated at 37°C and 5% CO 2 for 6-8 days postinoculation. Two consecutive passages were performed. The cytopathic effect was observed daily. Cell cultures were harvested and tested using a commercial real-time RT-PCR kit. a The PAM cells on the coverslip were inoculated and examined by immunohistochemistry 72 hr postinoculation for the presence of PRRS antigen. This process involved monoclonal antibody against the Northern American type of PRRSV (the hybridoma cell line, 15A c ).
11,12 All 7 samples tested positive by virus isolation with an obvious cytopathological effect, characterized by cell aggregation, contraction, nucleus condensation, and brushing off at 2 days postinoculation. The isolates were identified as HP-PRRSV-positive by real-time RT-PCR and immunohistochemical staining.
An animal inoculation study was performed using the PRRSV Laos 1.13 strain isolated from the Kaisone Phouvong farm. The strain was continuously passaged for 5 generations on a PAM cell monolayer. The fifth-generation cell culture was harvested, and the viral titer was determined (10 5.0 TCID 50 /ml). Five specific pathogen-free pigs were individually inoculated with 3 ml 10 5.0 TCID 50 /ml PRRSV Laos 1.13 strain via muscular injection. The animals were kept in separate rooms throughout the experiment in a biosafety level 3 facility. This procedure was approved by the China Animal Disease Control Center ethics committee. 9 The clinical manifestations observed in the inoculated pigs were similar to those of diseased pigs from the Kaisone Phouvong farm. Signs included persistent high fever (Fig. 2) , anorexia, red discolorations on the bodies, and blue ears. Diarrhea and nervous symptoms such as tremors and convulsions were observed on 7 days postinoculation (DPI). The gross necropsy findings of the inoculated pigs showed congestion hemorrhage, consolidation, and interstitial hyperplasia in the lungs (Fig. 3) . Findings also showed obvious hemorrhagic spots in the lymph nodes, liver, kidneys, and spleen, and purple skin lesions progressing to multifocal red scabs. Three of the 5 pigs inoculated with the PRRSV Laos 1.13 strain died within 12 DPI (either 8 or 12 DPI). This indicates that the tested PRRSV strains were highly virulent. 9, 13 All inoculated pigs were found to be HP-PRRSV-positive by real-time RT-PCR. The PRRSV antibodies were detected in the 2 surviving pigs at 14 DPI (3 pigs died before seroconversion). Histopathological lesions were observed in the lungs, brain, and lymph nodes. Immunohistochemical evaluations were conducted on parafilm-embedded sections from the necropsy tissue specimens using monoclonal antibodies against PRRSV. Specific PRRSV antigen was detected in cytoplasm of macrophages in the alveolar wall, alveolar space, spleen, lymph node, and tonsils (data not shown). Viruses were reisolated from all inoculated pigs and identified as HP-PRRSV by duplex real-time RT-PCR. Five sham-inoculated control pigs failed to show any clinical signs and remained healthy throughout the experiment. The results indicate that the outbreak of swine disease in Lao PDR in July 2010 was caused by HP-PRRSV infection.
In summary, 31 pig farms in 7 districts reported the disease, which was characterized by high fever (40-42°C), abortion, and a high death rate in pigs of all ages. Clinical diagnosis was confirmed by detection of HP-PRRSV RNA using realtime RT-PCR and virus isolation and identification.
Conventional PCR and RT-PCR were used to rule out other suspected agents, including CSFV, PCV-2, FMDV, SIV, and S. suis. Porcine circovirus-2 was detected in farms 3 and 7, but, other than this virus, HP-PRRSV was the only agent found in any of the investigated farms. Salmonella choleraesuis, Erysipelothrix rhusiopathiae, Actinobacillus pleuropneumoniae, and Actinobacillus suis, the primary causes of hemorrhagic disease in pigs, are all sensitive to some kind of antibiotic. However, in the present reported outbreak, the application of antibiotics had almost no effect. Therefore, it was deemed unnecessary to search for these agents in the current study. 7, 14 Though coinfections and secondary infections could not be ruled out, which may have increased the severity of the clinical symptoms and the mortality rate, it was concluded that HP-PRRSV was a major factor in the July 2010 outbreak. The discovery was accomplished through analysis of the clinical features, through real-time RT-PCR detection, and through virus isolation and identification. Analysis of genetic characterization of the virus strain is vital to confirming a specific pathogen as the cause of an incident and to tracing possible sources of infection. 10 Further studies are needed to determine the genetic relationship between the Lao PDR PRRSV isolates and prototype HP-PRRSV (HP-PRRSV isolates from China and Vietnam).
Through the collaborative effort of the China Animal Disease Control Center and the National Animal Health Center, the etiological agent of this outbreak was identified promptly. Consequently, a large-scale outbreak in Lao PDR was contained by the combined efforts of efficient containment, slaughtering, and vaccine inoculation. 10 This outbreak highlights the importance of HP-PRRSV surveillance of pigs in neighboring countries to prevent introduction of PRRS to new regions. 
